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Additional methods on the identification of CNVs segregating in the GDL
Pindel, Delly and the In-house pipeline
Pindel detects CNVs using the information contained in the reads that span the breakpoints of CNVs (split-read detection). We ran Pindel on genome alignments generated by Novoalign (v2.07.11, www.novocraft.com) against the release 5 of the D. melanogaster genome. We ran Novoalign with default parameters with the exception of the option x6, which lowers the penalty for gap extension. We ran Pindel (version 024q and pindel2vcf 033) on all genomes simultaneously (each chromosome arm ran separately). We used the following Pindel parameters: -n 25 and -x 7. We accepted all calls supported by at least 3 reads that were larger than 25 bp and that when complex (i.e. accompanied by additional nucleotides inserted or deleted at the breakpoints) had a stretch of nucleotides inserted/deleted equal or smaller to half the size of the CNV.
Delly detects CNVs using the information from pairs of reads that map discordantly to the reference genome (paired-end detection). We ran Delly (version 0.0.7) on each line independently, using the same genomic alignments used for Pindel. We ran Delly using the following parameters: -p -q 20. We used the set of calls produced by Delly that have paired-end support.
Our in-house pipeline also uses a split-read approach to detect CNVs (Cardoso-Moreira et al. 2012) . Unlike the two other pipelines, our in-house pipeline starts from the set of reads that were not mapped to the reference genome (release 5) using Mosaik (Lee et al. 2014) . We ran Mosaik (version 1.0) using a jump library and the following parameters: -hs 15 -mm 15 -mhp 100 -act 35 and -bw 35. For each line, we took the set of unmapped reads and re-aligned them to the same reference genome using BLAT (blat-3.4, oneOff=1 (Kent 2002) ), bwa-sw (bwa-0.5.7 (Li and Durbin 2010)) and SSAHA2 (ssaha2, -output sam_soft (Ning et al. 2001) . We then used custom perl scripts (modified from Cardoso-Moreira et al. 2012) to identify CNV breakpoints. Around 98% of CNVs identified using this approach derived from the re-alignment of the unmapped reads with BLAT.
Our CNV dataset is comprised of all CNV calls made by at least two of the three CNV pipelines described above. Because Delly only provides approximate CNV breakpoints, we used the precise breakpoint coordinates generated by Pindel or by our in-house pipeline. When both Pindel and the in-house pipeline predicted the same variant we used the information provided by Pindel because in addition to the CNV coordinates it also detects the presence of microhomology and inserted/deleted nucleotides at the breakpoints. The overlap between the three sets of calls was done using intersectBed from the BEDTools suite (Quinlan and Hall 2010) and is described in Supp. Fig. 2 . We considered that a given CNV was supported by at least two pipelines when the extent of the overlap between the two pipelines was at least 70% (intersectBed -f 0.7 -r) if the calls were supported by the two split-read pipelines, and 50% (intersectBed -f 0.5 -r) if the calls were supported by one split-read pipeline and Delly. The set of CNVs was then filtered to only include variants between 25 bp and 25 kb (the number of variants larger than 25 kb is low: 103 deletions and 36 duplications) and to exclude variants with breakpoints associated with transposable elements or other classes of repeats (Supp. Fig. 2 ). The latter filter was imposed by removing CNV breakpoints overlapping transposable elements and repeats identified by Flybase (release 5.52, dos Santos et al. 2015) or overlapping repeats identified by running RepeatMasker (Smit et al. 2015) on 100 bp upstream and downstream the CNV breakpoints. We also excluded CNVs where at least 50% of the sequence matched a transposable element.
Determining the coverage support of CNV calls
In addition to split-read and paired-end methods, the depth of read coverage of a given region can also be used to infer the presence of CNVs. The sensitivity and accuracy of this method depends however on the average depth of coverage across the genome, which in our case is not sufficient to make this method accurate (12.5x), especially within heterozygous blocks. Although we cannot use depth of coverage to identify CNVs, we can use it to distinguish retrogenes from intron deletions and to distinguish gene fusions from gene conversion events that mimic the signal of deletion. This information can also be useful to strengthen the confidence in a given CNV call though we did not use the depth of read coverage to further filter the CNV dataset.
For duplications and deletions we determined whether there is a higher or lower read coverage in that region than expected. Using BEDTools (Quinlan and Hall 2010) we determined the number of reads mapping to three positions within each CNV: the middle position, halfway between the start of the CNV and the middle and halfway between the end of the CNV and the middle. If for the lines without the CNV the median coverage of at least 2 of the 3 positions was between 5 and 50 reads we accepted we had enough information to make a coverage call. We classified a deletion as having coverage support when the median coverage was smaller or equal to 2 reads in at least 2 of the 3 positions. If a given deletion was located within an inversion, and therefore potentially heterozygous, we lowered the threshold so that a deletion was classified as having coverage support if the median coverage was smaller or equal to 8 reads and lower than the median coverage for the lines without the deletion. We classified a duplication as having coverage support if the median coverage was at least 1.5X higher than the median coverage for the lines without the duplication. Again, we lowered the threshold for duplications located within inversions by requiring the median coverage of the lines carrying the duplication to be at least 1.3X higher than the median coverage of the lines without the duplication. Although informative (the false positive rate of CNVs with coverage support is lower at 8%), most CNVs without coverage support tested by PCR were confirmed (8/10 duplications and 13/18 deletions) suggesting that using coverage in our dataset is of limited value.
Polarization of the CNV calls
Our CNV detection pipelines identify CNVs by comparison with the reference genome, which means that a small fraction of our calls are expected to correspond to novel variants carried by the reference genome. These CNV calls correspond to the ancestral state and are not new polymorphisms (i.e. the derived state). Our pipelines are biased against detecting variants segregating in the reference genome. They can only identify small insertions (within the length of a read), so all medium to large deletions specific to the reference genome will not be identified in our dataset. Similarly, tandem duplications that have not yet accumulated nucleotide differences are often collapsed in the reference assembly. Regardless of these caveats, it is important to quantify the fraction of CNV calls that correspond to the ancestral state. We started polarizing our 
Identification of retrogenes
We identified retrogenes using the set of CNV calls before filtering for transposable elements and other repeats. We identified all deletions where at least 90% of its sequence matched at least 90% of an intronic sequence (intersectBed -f 0.9 -r). Using this approach we identified 68 genes with at least one intron carrying the signal of being deleted. Of the 68, 42
genes had one single intron deletion that matched the sequence of a transposable element.
These events do not correspond to either retroposition or intron loss events but instead to the insertion/deletion of mobile elements. For the remaining 26 genes we distinguished between intron loss and retroposition by determining the read coverage within the "deleted" intron. If there is truly intron loss there should be no read coverage, but if there is a retroposition event the coverage should be close to the genome average. 9 of the 26 genes are carrying intron deletions, whereas the remaining 17 have polymorphic retrogenes (Supp. Table 4 ). For this set of 17 genes we went back to the set of calls made by the three CNV detection pipelines and allowed for additional intron deletions within these genes supported by only one of the pipelines (Supp. Table   4 ). In order to map the insertion sites of the retrogenes we ran another pipeline designed to identify structural variants called Hydra (Quinlan et al. 2010) . We ran Hydra (version 0.5.3) on the set of Mosaik alignments using default parameters. Hydra identified the insertion of the CG33969-retrogene within the intron of the gene CBP, the insertion of the eIF-4E-retrogene within rRNA sequences and confirmed the co-retroposition of the genes Cf2 and Pen. Using the coordinates suggested by Hydra, we designed primers to confirm the insertion of the CG33969-retrogene within the intron of CBP and sequenced the locus with Sanger sequencing (Supp. 
Additional methods on the gene expression analyses
We applied standard normalization routines from the R package 'limma' (Smyth and Speed 2003, Ritchie et al. 2015) . The expression value ratios were first subjected to within array normalization with print-tip loess and then to between array normalization using quantile normalization. After these steps, a dye bias correction was performed. We applied two filters to the expression data. The first filter removed all genes identified as being either lowly expressed or not expressed at all. We identified the 25th quantile of intensity values across all lines to be ~ 8
and removed all genes where at least one line had an intensity value lower than 8. We also explored using higher cutoffs (9 and 10) but our results remained qualitatively the same. The second filter was aimed at preventing cross-hybridization effects. We blasted all probes in the arrays against the D. melanogaster CDS fasta sequence (release 5.33) using standalone blastn with default values (ncbi-blast-2.2.25+ (Camacho et al. 2009) ). We removed all probes with a second alignment (i.e. non-self) in a different gene when the alignment was larger than 80% of the probe size with a sequence identity of more than 85%. These corresponded to 224/14735 probes in the array. After the intensity and cross hybridization filters were applied we were left with 10,997/14,735 probes.
Additional notes on detecting signals of positive selection
In addition to the LD analyses described in the Results and Methods sections, we also compared the LD distribution between the whole set of duplications and those of high-frequency duplications using only SNPs that are at least 700 bp away from each other. In all populations, LD between SNPs located at this distance is very low, so by limiting our analysis to this set of SNPs we can avoid the potential confounding effects of seeing higher LD associated with some highfrequency duplications simply because there are more SNPs segregating in this region. All of our results (i.e. the identity of the high-frequency duplications associated with higher LD) remained the same when using this second approach.
A portrait of copy number variation in five world populations of Drosophila
In agreement with previous work, we find that purifying selection is pervasive across the CNV dataset (e.g. Emerson et al. 2008 , Zichner et al. 2013 . Simulations show that CNVs are strongly depleted among coding regions. For example, 4% of deletions overlap coding exons when 24% would be expected in the absence of purifying selection (Fisher's exact test, p < 2.2 x 10 -16 , Supp. Table 3 ). This depletion of CNVs in coding regions is significantly stronger for deletions/insertions than for duplications (p < 2.2 x 10 -16 , Supp. Table 3 ). This is to be expected because the deletion of a coding region will almost always be deleterious, whereas a partial duplication can often be neutral. Although we only identified variants that are at least 25 bp in length, we still detect a clear excess of CNVs within coding exons that are multiples of 3 bp, and that therefore are less likely to lead to frame-shifts or premature stop codons (Supp. Fig. 21 ).
Deletions and insertions are also significantly depleted in UTR exons and the depletion is significantly stronger for 5'UTR exons than 3'UTR exons (p < 2.2 x 10 -16 , Supp. Table 3 ). In contrast, we found an excess of duplications overlapping 3'UTR exons (p=0.001). This observation is in agreement with a previous study (Emerson et al. 2008 ) and merits additional future work. Most notably, we observed that, although partial gene duplications are significantly depleted in our dataset (p = 3 x 10 -12 ), there is a clear excess of complete gene duplications (Supp . Table 3 ). Given the size of the duplications in our dataset and their chromosomal locations, we would expect that ~ 5% would encompass complete genes; instead 14% of the duplications create new complete gene duplications (p < 2.2 x 10 -16 , Supp. Table 3 ).
There are notable differences between the five populations in the numbers of CNVs detected. The Zimbabwe population is segregating for a significantly higher number of CNVs than the remaining 4 populations (Supp. Fig. 22 ). This result is consistent with the demographic history of these populations. D. melanogaster is originally from sub-Saharan Africa and so Zimbabwe, by being closest to the center of origin of the species, is expected to show the highest genetic diversity. Higher levels of diversity for the Zimbabwe population were also observed for the set of SNPs and indels segregating in these populations (Grenier et al. 2015) . In addition to the difference in CNV abundance between the populations, we also identified a difference in the number of CNVs present on the X chromosome vs. the autosomes. All non-African populations have a significantly lower density of CNVs on the X when compared to the autosomes (Supp. Fig.   23 ), with the Zimbabwe population showing lower CNV density on both the X and chromosome 2R. This observation is in line with previous studies in Drosophila, which have identified lower densities of CNVs on the X (e.g. Emerson et al. 2008 , Zichner et al. 2013 . In previous studies, this difference was attributed to a higher efficiency of selection on the X, a consequence of the immediate expression of X-linked recessive mutations in males that only carry one copy of this chromosome. There are, however, demographic reasons to expect the same result. The non-African populations underwent a bottleneck when they moved out of Africa, and the recovery of diversity levels after a bottleneck occurs more slowly for the X than the autosomes (Pool and Nielsen 2007). These two explanations are not mutually exclusive but lead to different predictions in terms of the variants that would be most affected. Demography affects equally all variants, whereas selection acts mostly on variants that affect fitness, the majority of which are mutations affecting coding regions. In agreement with a role for selection (that does not preclude additional demographic effects), we observe that the fraction of deletions and duplications that affect coding sequences is significantly lower on the X than on autosomes for most populations.
Notes on the set of polymorphic retrogenes
In order for retrogenes to be heritable, the retroposition has to occur in the germline, which means that the probability that a given gene generates a duplicate retrogene depends on its expression level in the germline (Kaessmann et al. 2009 ). Consistent with this expectation, we observed that the parental genes of retrogenes are all highly expressed in the germline based on modEncode expression data (Brown et al. 2014) (Supp. Table 4) . Surprisingly however, this analysis shows that parental genes are more highly expressed in ovary than testis, with some parental genes being highly transcribed only in ovary (Supp. Table 4) . If taken at face value, these data could suggest that the female germline contributes disproportionately to the creation of retrogenes compared to the male germline. Alternatively, the apparent difference in expression between the two germline tissues could derive from differences in the cellular composition of these tissues. When the adult whole testis transcriptome is profiled, most of the expression signal derives from the most common cell type, which are meiotic cells, whereas most retrogenes are likely to be created earlier during sperm development. Using the SpPress database (Vibranovski et al. 2009 ) we investigated the expression levels of parental genes in mitotic, meiotic and postmeiotic testicular cells. We found that parental genes are significantly more highly expressed during sperm development than those genes that do not create retrogenes, and that parental genes are most highly expressed in mitotic cells (Supp. Fig. 24 ). Although these data are not directly comparable with the modEncode data for ovary, the most parsimonious explanation for the difference in expression of parental genes of retrogenes in ovary vs. testis is the underrepresentation of mitotic cells in adult whole testis. Removal of all CNVs with breakpoints overlapping TEs/repeats and of CNVs with ≥ 50% of the sequence corresponding to a TE:
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Removal of CNVs ≥ 25 kb: CG17036 (FBgn0032449) CG31436 (FBgn0051436) CG17751 (FBgn0038717) CG7966 (FBgn0038115) Supp. Each population is represented by a different color and marked by the population's initial. Supp. Table 2 . Coordinates and characteristics of the CNVs identified in this study. Columns 1-3 have the CNV coordinates; 'CNV_ID' is a unique identifier for each CNV; 'size' refers to the size of the CNV in base pairs; 'type' to whether it is an insertion, deletion or duplication; 'pipeline' identity of the 2 pipelines that support the call (no distinction made between calls supported by the 3 pipelines or only by Pindel and the in-house pipeline; 'ntlen' number of additional nucleotides inserted/deleted at the breakpoint (0 if none is observed), the information is only available for calls made by Pindel; 'homely' length of the stretch of microhomology present at the breakpoint (0 if none is observed), the information is only available for calls made by Pindel; 'Annotation.r5.52' refers to the genomic region the CNV overlaps, 'Intergenic'/'Intronic' means the whole sequence is non-coding, 'CodingExon' means that at least 1 bp of a coding exon is included in the CNV, '3Exon'/'5Exon' means that at least 1 bp of an UTR exon is included in the CNV (and 0 bp for a coding exon); 'CompGeneDups' 1 if the CNV encompasses a complete gene, by combining this column with the previous it is possible to distinguish protein-coding genes (i.e. marked as 'CodingExon') from non-coding genes which appear as 1 in the 'CompGeneDups' column but as something other than 'CodingExon' in the 'Annotation.r5.52' column; 'Chimera1' 1 if the CNV forms a new chimeric gene structure between genes in the same strand; 'Chimera0' 1 if the CNV forms a new chimeric gene structure between genes in the opposite strand; 'CompGeneDels' 1 if at least one gene is completely deleted, as for 'CompGeneDups' by combining this column with the 'Annotation.r5.52' column it is possible to distinguish protein-coding genes (i.e. marked as 'CodingExon') from non-coding genes (i.e. marked as something other than 'CodingExon'); 'Fusion1' 1 if the CNV forms a new fusion gene between genes in the same strand; 'Fusion0' 1 if the CNV forms a new fusion gene between genes in the opposite strand; 'Freq84' frequency of the CNV in the whole dataset; 'FreqB' frequency of the CNV in Beijing; 'FreqI' frequency of the CNV in Ithaca; 'FreqN' frequency of the CNV in the Netherlands; 'FreqT' frequency of the CNV in Tasmania; 'FreqZ' frequency of the CNV in Zimbabwe; the next 84 columns refer to the presence (1) or absence (0) of each CNV in the 84 lines; 'CoverageSupport' refers to whether or not the call is further supported by read depth; the final 10 columns list for each CNV the 10 possible pairwise Fst comparisons between the five populations.
This table is provided as a flat text file
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Supp. Table 2 . Coordinates and characteristics of the CNVs identified in this study. Columns 1-3 have the CNV coordinates; 'CNV_ID' is a unique identifier for each CNV; 'size' refers to the size of the CNV in base pairs; 'type' to whether it is an insertion, deletion or duplication; 'pipeline' identity of the 2 pipelines that support the call (no distinction made between calls supported by the 3 pipelines or only by Pindel and the in-house pipeline; 'ntlen' number of additional nucleotides inserted/deleted at the breakpoint (0 if none is observed), the information is only available for calls made by Pindel; 'homely' length of the stretch of microhomology present at the breakpoint (0 if none is observed), the information is only available for calls made by Pindel; 'Annotation.r5.52' refers to the genomic region the CNV overlaps, 'Intergenic'/'Intronic' means the whole sequence is non-coding, 'CodingExon' means that at least 1 bp of a coding exon is included in the CNV, '3Exon'/'5Exon' means that at least 1 bp of an UTR exon is included in the CNV (and 0 bp for a coding exon); 'CompGeneDups' 1 if the CNV encompasses a complete gene, by combining this column with the previous it is possible to distinguish protein-coding genes (i.e. marked as 'CodingExon') from non-coding genes which appear as 1 in the 'CompGeneDups' column but as something other than 'CodingExon' in the 'Annotation.r5.52' column; 'Chimera1' 1 if the CNV forms a new chimeric gene structure between genes in the same strand; 'Chimera0' 1 if the CNV forms a new chimeric gene structure between genes in the opposite strand; 'CompGeneDels' 1 if at least one gene is completely deleted, as for 'CompGeneDups' by combining this column with the 'Annotation.r5.52' column it is possible to distinguish protein-coding genes (i.e. marked as 'CodingExon') from non-coding genes (i.e. marked as something other than 'CodingExon'); 'Fusion1' 1 if the CNV forms a new fusion gene between genes in the same strand; 'Fusion0' 1 if the CNV forms a new fusion gene between genes in the opposite strand; 'Freq84' frequency of the CNV in the whole dataset; 'FreqB' frequency of the CNV in Beijing; 'FreqI' frequency of the CNV in Ithaca; 'FreqN' frequency of the CNV in the Netherlands; 'FreqT' frequency of the CNV in Tasmania; 'FreqZ' frequency of the CNV in Zimbabwe; the next 84 columns refer to the presence (1) or absence (0) Table 4 . Description of the polymorphic retrogenes identified in this study. The table includes information on the structure of retrogenes, their frequency in the five populations and the expression profiles of the parental genes in the germlines.
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Supp. Table 4 . Description of the polymorphic retrogenes identified in this study. The table includes information on the structure of retrogenes, their frequency in the five populations and the expression profiles of the parental genes in the germlines.
